METHOD AND APPARATUS FOR CONTROLLING FLUID SUPPLY TO A 
CLUTCH PACK OF AN AUTOMATIC TRANSMISSION 



CROSS-REFERENCE TO RELATED APPLICATIONS 
[001] This application claims priority to Korean Application No. 10-2003- 

0025105, filed April 21, 2003, the disclosure of which is incorporated fully herein by 
reference. 

FIELD OF THE INVENTION 

[002] Generally, the present invention relates to an automatic transmission. 

More particularly, the present invention relates to a method and apparatus for 
controlling oil supply to a clutch pack of an automatic transmission. 

BACKGROUND OF THE INVENTION 

[003] A typical automatic transmission (AT) for a vehicle includes a torque 

converter and a powertrain which is a gear mechanism connected to the torque 
converter for multi-speed driving. The AT also includes a clutch pack (and a hydraulic 
control system thereof) for selectively operating at least one operational element in the 
powertrain. In order to realize a specific target shift-speed appropriate for a current 
vehicle driving condition, such a clutch pack engages a clutch corresponding to the 
shift-speed with use of hydraulic pressure supplied from an oil pump. 
[004] When the vehicle is parked for a certain period of time with its engine 

turned off (i.e., the oil pump is also stopped), the oil that activates the clutch in the 
clutch pack drains to an oil pan. Therefore, when the clutch is operated, i.e., when a 
specific speed is engaged, with the engine being newly started after being stopped for a 
certain period of time, the amount of hydraulic fluid required for proper operation may 
not be present. An amount of hydraulic fluid required for such operation greatly varies 
depending on how many times such engagements have occurred, e.g., on whether it is 
the first or the second engagement after the engine is newly started. 
[005] However, according to the typical method, hydraulic fluid for the 

automatic transmission (ATF) is controlled regardless of whether or not it is the first 
engagement of the shift-speed after the engine is newly started. Therefore, when the 
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clutch is operated for the first time after the engine is newly started, mechanical force 
for engaging the clutch for the target shift-speed becomes insufficient and a shift-flare 
effect may be generated. Shift flare is a phenomenon of run up caused by a delayed 
clutch engagement. 

[006] In order to rectify such a problem, a first fill time, that is used for a first 

engagement of the clutch after the engine is started, may be used to determine a value 
for the next engagement of the clutch. However, such a preset value may not be optimal 
with respect to various engine stopping periods and ambient temperatures, so the shift- 
flare and/or shock at a first shifting operation of second to third speeds and/or third to 
fourth speeds may still occur due to non-optimized ATF pressure. 
[007] The information disclosed in this Background of the Invention section is 

only for enhancement of understanding of the background of the invention, and should 
not be taken as an acknowledgement or any form of suggestion that this information 
forms the prior art that is already known to a person skilled in the art. 

SUMMARY OF THE INVENTION - • 

[008] An embodiment of the present invention provides a method and 

apparatus for controlling fluid supply to a clutch pack of an automatic transmission such 
that shift-shock is reduced and the shift quality is enhanced. 

[009] An exemplary apparatus for controlling fluid supply to a clutch pack of 

an automatic transmission according to an embodiment of the present invention includes 
a detecting unit for detecting an operating state of the vehicle and abnormal operation 
thereof. A control unit for determining if an output of the detecting unit satisfies a pre- 
fill time control condition and thereby for controlling fluid supply to the clutch pack of 
the automatic transmission on the basis of a pre-fill time calculated on the basis of the 
output of the detecting unit. Also, a fluid supply unit for supplying fluid to the clutch 
pack under the control of the control unit. 

[0010] In a further embodiment, the detecting unit includes an ignition detector 

for detecting running of the engine and an engine speed detector for detecting a current 
engine speed. Also included is a turbine speed detector for detecting a turbine speed of 
the automatic transmission that is input to a shift mechanism of the transmission and an 
output-shaft speed detector for detecting an output-shaft speed of the shift mechanism of 
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the transmission. A fluid temperature detector for detecting a fluid temperature, the 
fluid being used for forming pressure of the clutch pack to engage the clutch and a 
throttle opening detector for detecting a throttle valve opening are also included. 
Furthermore, a malfunction detector for detecting a malfunction of the vehicle is 
included. 

[0011] In a still further embodiment, the pre-fill time control condition includes 

the automatic transmission is in a first speed for the first time after the engine is 
restarted. The engine speed is greater than a predetermined engine speed and the 
engine speed is greater than a turbine speed. The output-shaft speed of the shift 
mechanism is greater than a predetermined output speed and the throttle valve opening 
is greater than a predetermined opening. A difference between fluid temperatures of 
before the engine is stopped and after the engine is restarted is greater than a 
predetermined difference and a malfunction of the vehicle is not detected. 
[0012] It is preferable that the pre-fill time is calculated on the basis of the 

equations: ^ St - Pre -h = ($c + $cl ~ ^cm_ocp) x &e x K T2 + A/ F _. Prt? . and 
nxt Pre _ t F = (S c + S CL - S CM ) x K E x K T2 ^ w h e rein: 1 st_Pre_t F denotes a first 
pre-fill time; nxt_Pre_t F denotes the next pre-fill time that occurs after the first pre-fill 
time; Sc denotes a base fill time; Scl denotes a learned value for the fill time; Scm_ocp 
denotes a marginal pre-fill time; Scm denotes a marginal time for the clutch fill time; k E 
denotes a correction coefficient for engine speed; k T 2 denotes a correction coefficient for 
fluid temperature; and Dt F _p re denotes a pre-fill time according to draining of the fluid, 
the pre-fill time being proportional to a period during which the engine remains stopped. 
[0013] An embodiment of the method for controlling fluid supply to a clutch 

pack of an automatic transmission includes detecting an operating state of the vehicle 
after the engine is restarted and determining if the operating state satisfies a pre-fill time 
control condition. The embodiment also controls, when the operating state satisfies the 
pre-fill time control condition and fluid supply to the clutch pack of the automatic 
transmission on the basis of a pre-fill time calculated on the basis of the operating state. 
Furthermore, the method determines, during the controlling of the fluid supply to the 
clutch pack, if a pre-fill control release condition is satisfied and stopping, when the pre- 
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fill control release condition is satisfied, the controlling of the fluid supply to the clutch 
pack and performing normal hydraulic control of the transmission. 



automatic transmission is in a first speed for the first time after the engine is restarted; 
the engine speed is greater than a predetermined engine speed; the engine speed is 
greater than a turbine speed; the output speed of the shift mechanism is greater than a 
predetermined output speed; the throttle valve opening is greater than a predetermined 
opening; a difference between fluid temperatures of before the engine is stopped and 
after the engine is restarted is greater than a predetermined difference; and a 
malfunction of the vehicle is not detected. 

[0015] In a still further embodiment, the pre-fill time is calculated on the basis 



pre-fill time; nxt_Pre_t F denotes the next pre-fill time that occurs after the first pre-fill 
time; Sc denotes a base fill time; Scl denotes a learned value for the fill time; Scm_ocp 
denotes a marginal pre-fill time; Scm denotes a marginal time for the clutch fill time; k E 
denotes a correction coefficient for engine speed; k T2 denotes a correction coefficient for 
fluid temperature; and At F _p re denotes a pre-fill time according to draining of the fluid, 
the pre-fill time being proportional to a period during which the engine remains stopped. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The accompanying drawings, which are incorporated in and constitute a 

part of the specification, illustrate an embodiment of the invention, and, read together 

with the description, serve to explain the principles of the invention in which: 

[0017] FIG. 1 is a block diagram of an apparatus for controlling fluid supply to a 

clutch pack of an automatic transmission according to an embodiment of the present 

invention; 

[0018] FIG. 2 is a flowchart showing a method for controlling fluid supply to a 

clutch pack of an automatic transmission according to an embodiment of the present 
invention; 



[0014] 



In a further embodiment, the pre-fill time control condition includes: the 



of the equations: — 
nxt _Pre_t F = (S c + S ( 
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[0019] FIG. 3 is a graph for showing a fluid supply state for a clutch for a first 

speed when the first speed is engaged in an automatic transmission according to an 
embodiment of the present invention; 

[0020] FIG. 4 is a graph for showing a pre-fill control state of a clutch used for a 

2-3 shift or a 3-4 shift, the pre-fill control state occurring during the first speed 
engagement of the transmission according to an embodiment of the present invention; 
and 

[0021] FIG. 5 shows a fluid temperature dependency of the pre-fill time At F j> re 

according to draining of the fluid according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0022] As shown in FIG. 1, an apparatus for controlling fluid supply to a clutch 

pack 150 of an automatic transmission 100 includes an ignition detector 10, an engine 
speed detector 20, a turbine speed detector 30, an output-shaft speed detector 40, a fluid 
temperature detector 50, a throttle opening detector 60, a malfunction detector 70 for 
detecting a malfunction of the vehicle, a shift control unit 80, and a solenoid valve unit 
90. 

[0023] The ignition detector 10 detects information relating to whether the 

engine is turned on/off, i.e., whether the engine is running or not, and accordingly sends 
a signal relating the information to the shift control unit 80. The engine speed detector 
20 detects, by detecting angular positions of a crankshaft of the engine, a current engine 
speed Ne, and accordingly sends a signal relating the engine speed Ne to the shift 
control unit 80. The turbine speed detector 30 detects a turbine speed Nt of the 
automatic transmission 100 that is input to a shift mechanism of the transmission 100, 
and accordingly sends a turbine speed Nt signal to the shift control unit 80. 
[0024] The output-shaft speed detector 40 detects an output-shaft speed No of 

the shift mechanism of the transmission 100, and accordingly sends an output-shaft 
speed No signal to the shift control unit 80. The output-shaft speed No may also be 
calculated by multiplying the turbine speed Nt by a shift-ratio of a current shift-speed of 
the transmission 100. The fluid temperature detector 50 detects a temperature of 
automatic transmission fluid (ATF) that is used for forming pressure of the clutch pack 
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150 to engage a clutch 155, and accordingly sends a fluid temperature signal to the shift 
control unit 80. 

[0025] The throttle opening detector 60 detects an opening of the throttle value 

that operates in connection with a driver's operation of an accelerator pedal and 
accordingly sends a throttle opening signal to the shift control unit 80. The malfunction 
detector 70 monitors overall functioning of the vehicle having an automatic 
transmission 100, and accordingly sends the monitored results to the shift control unit 
80. 

[0026] The shift control unit 80 determines if a pre- fill time control condition is 

satisfied on the basis of output values of the detectors. When the pre-fill control 
condition is satisfied, the shift control unit 80 controls oil supply to the clutch pack 150 
(in more detail, a pre-fill time for the clutch 155) on the basis of drained oil determined 
from the output values of the detectors. 

[0027] The solenoid valve unit 90 is for controlling hydraulic pressure supply to 

the clutch pack 150 of the automatic transmission 100, and is obvious to a person of 
ordinary skill in the art. 

[0028] The pre-fill time control condition is set as follows, the automatic 

transmission 100 should be in a first speed for the first time after the engine is restarted 
after a stopping period of more than a predetermined period. Next, the engine speed Ne 
should be greater than a predetermined engine speed Nel. Then the engine speed Ne 
should be greater than a turbine speed Nt and the output-shaft speed No of the shift 
mechanism should be greater than a predetermined output speed Nol . The throttle 
valve opening Th should be greater than a predetermined opening Thl and a fluid 
temperature difference GAP should be greater than a predetermined temperature 
difference Tempi . Furthermore, a malfunction of the vehicle should not be detected. 
[0029] Here, the fluid temperature difference GAP denotes an ATF temperature 

difference between before the engine is stopped and after the engine is restarted. In 
addition, when the pre-fill time control condition is satisfied, fill time for coping with 
drained ATF is calculated according to the following equation 1 . 
[Equation 1] 

1st Pre _t F = (S c + S CL - S CM OCP ) xK E x K T2 + At F Pre; and 
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nxt_Pre_t F =(S c +S CL - 




[0030] 



In the above equation 1 : 



Ist Pre tF denotes a first pre-fill time; 

nxt_Pre_tp denotes the next pre-fill time that occurs after the first pre- fill 



Sc denotes a base fill time; 

Scl denotes a learned value for the fill time; 

Scm_ocp denotes a marginal pre-fill time; 

Scm denotes a marginal time for the clutch fill time; 

k E denotes a correction coefficient for engine speed; 

k T 2 denotes a correction coefficient for fluid temperature; and 

At F j>re denotes a pre-fill time according to draining of the fluid, the pre- 



fill time being proportional to a period during which the engine has remained stopped. 



fill time for the clutch 155 that can be applied during the first speed. The marginal time 
Scm denotes a marginal time of a total fill time for the clutch 155 that can be applied 
during 2-3 shift controlling. In addition, the first pre-fill time lst_Pre_tp is controlled to 
be limited within a predetermined value. That is, when the first pre-fill time 1 st Pre tp 
calculated by the above equation 1 is greater than the predetermined value, the first pre- 
fill time 1 st_Pre _t F is reset to the predetermined value. 

[0032] The solenoid valve unit 90 directly controls oil supply to the clutch pack 

150, under the control of the shift control unit 80 that calculates the pre-fill time 
according to the above equation. According to a preferred embodiment, the shift- 
control unit 80 controls the solenoid valve unit 90 to control oil supply to the clutch 
pack 150 through controlling of such pre-fill time, which is hereinafter described in 
detail. 



time; 



j. 



[0031] 



The marginal pre-fill time Scm_ocp denotes a marginal portion of a total 
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[0033] 



As shown in FIG. 2, firstly at step SI 01, the shift control unit 80 



determines the current state of the vehicle based on output values of the detectors 
equipped in the vehicle, when the engine is started. Subsequently at step SI 02, the shift 
control unit 80 determines if a pre- fill time control condition is satisfied on the basis of 
output values of the detectors. 



transmission 100 should be in a first speed for the first time after the engine is restarted 
after a stopping period of more than a predetermined period. Next, the engine speed Ne 
should be greater than a predetermined engine speed Nel. Then the engine speed Ne 
should be greater than a turbine speed Nt. The output-shaft speed No of the shift 
mechanism should be greater than a predetermined output speed Nol, the throttle valve 
opening Th should be greater than a predetermined opening Thl and a fluid temperature 
difference GAP should be greater than a predetermined temperature difference Tempi . 
Furthermore, a malfunction of the vehicle should not be detected. 
[0035] When the pre-fill time control condition is not satisfied, the shift control 

unit 80 does not perform pre-fill controlling of the clutch pack 150. When the pre-fill 
time control condition is satisfied, the shift control unit 80 calculates, at step S103, a 
pre-fill time according to the following equation 2 on the basis of the current state of the 
vehicle. 
[Equation 2] 



[0034] 



The pre-fill time control condition is set as follows, the automatic 



lst_Pre_t F =(S c +S CL -S ( 



CM OCP 



) x K E x K T2 + Af 



F_Pre- t and 



nxt_Pre_t F = (S c + S CL -S CM )xK E x K, 



[0036] 



In the above equation 2: 

lst_Pre__tF denotes a first pre-fill time; 



nxt_Pre_t F denotes the next pre-fill time that occurs after the first pre-fill 



time; 



Sc denotes a base fill time; 



Scl denotes a learned value for the fill time; 



Scmjdcp denotes a marginal pre-fill time; 
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Scm denotes a marginal time for the clutch fill time; 

k E denotes a correction coefficient for engine speed; 

k T 2 denotes a correction coefficient for fluid temperature; and 

At F j>re denotes a pre-fill time according to draining of the fluid, the pre- 

fill time being proportional to a period during which the engine has remained stopped. 

[0037] The marginal pre-fill time Scm_ocp denotes a marginal portion of a total 

fill time for the clutch 155 that can be applied during the first speed. The marginal time 
Scm denotes a marginal time of a total fill time for the clutch 155 that can be applied 
during 2-3 shift controlling. In addition, the first pre-fill time lst_PrejF is controlled to 
be limited within a predetermined value. That is, when the first pre-fill time lst_Pre_t F 
calculated by the above equation 2 is greater than the predetermined value, the first pre- 
fill time lst_Pre_t F is reset to the predetermined value. 

[0038] When a first speed of the transmission 100 is engaged for the first time 

after the engine is restarted after a long period of being stopped, the shift-speed state . 
(and ATF supply state for a clutch in a clutch pack 150 for the first speed) is formed as 
shown in FIG. 3. After the ATF is supplied to the clutch for the first speed, pre-fill 
time relating to a clutch 155 for 2-3 and/or 3-4 shift is controlled according to a duty 
pattern shown in FIG. 4 and the above equation 2. 

[0039] The pre-fill time AtFPre according to draining of the fluid is calculated 

dependent on the ATF temperature as shown in FIG. 5. When the calculation of the 
pre-fill time is finished, the shift control unit 80 drives the solenoid valve unit 90 at step 
SI 04 such that the ATF supply to the clutch pack 150 is controlled according to the 
above equation 2. Therefore, during a first 2-3 shift and/or 3-4 shift, the shift control 
becomes more stable and shift flare can be obviated. 

[0040] While such pre-fill controlling is executed, the shift control unit 80 

determines, at step SI 05, if a pre-fill control release condition is satisfied. The pre-fill 
control release condition includes: change rate (Nti-Nt) of the turbine speed becomes 
greater than a predetermined reference value Nl or malfunctioning of the vehicle is 
detected. 
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[0041] When the pre-fill control release condition is satisfied, the shift control 

unit 80 stops execution of the pre-fill controlling and subsequently returns to normal 
hydraulic control of the automatic transmission 100. When the pre-fill control release 
condition is not satisfied, the shift control unit 80 determines, at step SI 06, if the pre-fill 
controlling is finished. If the pre-fill controlling is not finished at step SI 06, the shift 
control unit 80 returns to the step SI 03 so as to continue the pre-fill control of the 
automatic transmission 100. If the pre-fill controlling is finished at step SI 06, the shift 
control unit 80 returns to normal hydraulic control of the automatic transmission 100. 
[0042] In the above description, the inventive concept of the present invention is 

described in connection with a first pre-fill time control of the automatic transmission 
100. However, subsequent pre-fill time control may obviously be embodied by a person 
of ordinary skill in the art. 

[0043] As shown above, according to a preferred embodiment of the present 

invention, by controlling a pre-fill time for a clutch based on a stopping period and/or 
ATF temperature, appropriately coping with ATF draining that occurs when an engine 
is stopped is enabled. Therefore, shift-flare that may occur in a 2-3 and/or 3-4 shift is 
obviated and accordingly shift control of an automatic transmission 100 becomes more 
stable and shift-quality is enhanced. 

[0044] The ECU can be realized by one or more processors activated by 

predetermined software, and the predetermined software can be programmed to perform 
each step of a fluid supply controlling method according to a preferred embodiment of 
this invention. 

[0045] While this invention has been described in connection with what is 

presently considered to be the most practical and preferred embodiment, it is to be 
understood that the invention is not limited to the disclosed embodiments, but, on the 
contrary, is intended to cover various modifications and equivalent arrangements 
included within the spirit and scope of the appended claims. 
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